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a regeneration process, determine a predetermined tempera-
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mined 1nternal resistance value of an electro-chemical mea-
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1
OXYGEN SENSOR REGENERATION

RELATED APPLICATIONS

The present application claims priority to U.S. Provisional
Application No. 61/684,419, filed Aug. 17, 2012, the entire
contents of which are hereby incorporated by reference.

FIELD

Embodiments of the mnvention relate to methods and sys-
tems for regenerating an oxygen (or “0O2”) sensor.

BACKGROUND

02 sensors are used in the exhaust systems of internal
combustion engines and provide imnformation regarding the
ratio of air to fuel being supplied to the engine. In general,
internal combustion engines need a specific air-to-fuel ratio
(or ratio range) to operate correctly. When the ratio 1s less than
desired, not all fuel 1n the air-fuel mixture 1s burned or com-
busted. This situation 1s referred to as a rich mixture or rich
condition and has a negative impact on exhaust emissions.
When the air-fuel ratio 1s higher than desired, excess oxygen
1s present 1n the air-fuel mixture. This situation 1s referred to
as a lean mixture or lean condition. When an engine burns
lean, engine performance may decrease and, in some cases,
may cause engine damage and have a negative impact on
exhaust emissions.

Over time, contaminants (such as soot) build up on O2
sensors. If these contaminants are not removed, the sensors
will not operate properly. One way to remove the contami-
nants 1s to heat the sensor (using an electric heating element
contained within the sensor) so that the contaminants are
burned ofl. However, overheating the sensor to burn oif con-
taminants can damage the sensor.

SUMMARY

In one embodiment, the invention provides methods and
systems for heating an O2 sensor to a temperature where
contaminants are burned off, but damage to the sensor is
climinated or reduced. In particular, the temperature that the
sensor 1s heated to 1s based on an internal resistance of the
sensor at the time the heating 1s carried out. Heating of the
sensor 1s often referred to as an “increased temperature cycle”
or a “cleaning cycle,” and the overall process of removing
contamination 1s referred to as “sensor regeneration.” Heating
occurs as a result of applying a pulse-width-modulated
(“PWM”) voltage signal to the sensor (via a heating element
located 1n the sensor). The PWM signal is created based on an
algorithm or calculation performed 1n a controller (such as a
microprocessor). The algorithm uses a software-chosen inter-
nal resistance value of the O2 sensor (1.e., the Nernst cell
included 1n the sensor) associated with a desired temperature
(for example, from a look-up table).

For example, 1n one embodiment, to heat the sensor to a
predetermined temperature, the controller creates a PWM
signal to change the internal resistance of the O2 sensor to a
predetermined value, which, under ideal conditions (e.g., the
sensor 1s new and the engine 1s operating at 1ts normal tem-
perature), correlates to a particular temperature. In other
words, 1t 1s known that if a PWM signal of a certain duty cycle
1s applied (or provided) to the sensor, the temperature of the
sensor will rise to a certain temperature when the internal
resistance ol the sensor reaches a predetermined value.
Accordingly, the controller uses a look-up table that maps a
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desired temperature to a predetermined internal resistance
value. The controller then applies a PWM signal to the sensor
and monitors the internal resistance of the sensor. Until the
internal resistance of the sensor reaches the internal resis-
tance value specified 1n the look-up table, the controller con-
tinues applying the PWM signal and can modily the PWM
signal to properly reach the desired internal resistance value.

For example, one embodiment of the invention provides a
method of heating an oxygen sensor. The method includes
determining, by a controller, a predetermined temperature for
heating the oxygen sensor to and determining, by the control-
ler, a predetermined internal resistance value of an electro-
chemical measurement cell of the oxygen sensor associated
with the predetermined temperature. The method further
includes applying, by the controller, a pulse-width-modu-
lated signal to a heater included 1n the oxygen sensor, and
monitoring, by the controller, an internal resistance of the
measurement cell while applying the pulse-width-modulated
signal to the heater to determine when the internal resistance
of the measurement cell reaches the predetermined internal
resistance.

Another embodiment of the invention provides a system
for heating an oxygen sensor. The system includes an oxygen
sensor and a controller. The oxygen sensor includes a heater
and an electro-chemical measurement cell. The controller 1s
coupled to the oxygen sensor and 1s configured to, for each of
a plurality of stages of a regeneration process, determine a
predetermined temperature for heating the oxygen sensor to,
determine a predetermined internal resistance value of an
clectro-chemical measurement cell of the oxygen sensor
associated with the predetermined temperature, apply a
pulse-width-modulated signal to the heater, and monitor an
internal resistance of the measurement cell while applying the
pulse-width-modulated signal to the heater to determine
when the internal resistance of the measurement cell reaches
the predetermined 1nternal resistance.

Other aspects of the mvention will become apparent by
consideration of the detailed description and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a schematically 1llustrates a system for performing
sensor regeneration including an internal combustion engine
and an O2 controller.

FIG. 15 schematically 1llustrates an alternative system for
performing sensor regeneration mcluding an internal com-
bustion engine and an engine controller that includes an O2
controller.

FIG. 2 schematically 1llustrates the O2 controller of FIGS.
1a and 15.

FIG. 3 15 a timing diagram showing the temperature of an
O2 sensor during various states of a sensor regeneration
method performed by the O2 controller of FIGS. 1q and 15.

FIGS. 4a-d are flow charts illustrating a sensor regenera-
tion method performed by the O2 controller of FIGS. 1a and
15.

DETAILED DESCRIPTION

Betfore any embodiments of the invention are explained in
detail, 1t 1s to be understood that the invention 1s not limited in
its application to the details of construction and the arrange-
ment of components set forth in the following description or
illustrated in the following drawings. The invention i1s capable
of other embodiments and of being practiced or of being
carried out 1n various ways
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FIG. 1a 1illustrates a system 10 having an engine 12, an
exhaust system 14, and an O2 sensor 16 (including a heater)
positioned 1n the exhaust system 14. The engine 12 1s con-
trolled by an engine controller 20. In the embodiment shown,
controller 20 communicates with other vehicle systems and
controllers via a vehicle bus 24, such as a controller area
network (“CAN”) bus. The O2 sensor 16 1s controlled by an
02 controller 28, and the O2 controller 28 i1s connected to the
bus 24. Alternatively as illustrated in FIG. 15, 1n some
embodiments, the functionality of the O2 controller 28 is
embodied within the engine controller 20. The system 10 also
includes a resistance detecting unit 29. The resistance detect-
ing unit 29 configured to detect an internal resistance of the
02 sensor 16 and transmit the detected resistance to the O2
controller 28 (e.g., over the bus 24). As resistance detecting
units are well-known 1n the art, they will not be described 1n
detailed herein.

The O2 sensor 16 can include a solid-state electro-chemi-
cal measurement cell or unit that includes a pumping cell and
a Nernst cell. The two electrodes positioned around the
Nernst cell provide an output voltage corresponding to the
quantity of oxygen in a measurement cavity of the sensor 16.
During non-regenerative operation, the O2 controller 28
increases or decreases the pumping current through the
pumping cell to increase or decrease the quantity of oxygen in
the exhaust system 14. Accordingly, the measured pumping,
current 1s directly dependent on the quantity of oxygen 1n the
exhaust system 14. A heater included in the sensor 16 heats
the measurement cell. To heat the cell, the O2 controller 28
provides a pulse-width-module (“PWM”) signal to the heater.
The amount of heat generated by the heater and applied to the
cell 1s based on the voltage level of the PWM signal.

As 1llustrated 1n FIG. 2, the O2 controller 28 includes a
processor 28a, non-transitory computer-readable medium
28b, and an input/output interface 28¢. The computer-read-
able medium 286 can include random access memory
(“RAM”) and/or read-only memory (“ROM”). The mput/
output interface 28¢ transmits and receives information over
the bus 24. The processor 28a receives information (e.g., from
the medium 28b and/or the 1nput/output interface 28¢) and
processes the information by executing one or more 1nstruc-
tions or modules. The 1nstructions or modules are stored in
the computer-readable medium 285. The processor 28a can
also store information (e.g., information received from the
bus 24 or information generated by 1nstructions or modules
executed by the processor 28a) to the medium 28. It should be
understood that although only a single processor, input/out-
put interface, and computer-readable medium module are
illustrated in FI1G. 2, the O2 controller 28 can include multiple
processing units, memory modules, and/or input/output inter-
faces.

The 1nstructions stored 1n the computer-readable medium
28b provide particular functionality when executed by the
processor 28a. In general, the instructions, when executed by
the processor 30 perform a sensor regeneration method
(sometimes referred to as a desoot cycle) for the O2 sensor 16.
The sensor regeneration method can be 1nitiated or triggered
alter a predetermined number of specific events or driving
cycles occur. These events may include a “Desoot Mode” of
a particle filter of a engine, actual sensor performance (such
as a measured sensor performance degradation due to sensor
contamination), and/or a count of the periods of time during
which the O2 sensor signal i1s not required (in other words,
there will be times during the vehicle life when information
from the O2 sensor 1s not used). Accordingly, during the
majority of the time that the vehicle 1s being operated, the O2
sensor 1s operated 1n a “Normal Mode™ that 1s designed for
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4

optimum performance where only the occurrence of particu-
lar events trigger regeneration.

FIG. 3 1s a timing diagram associated with the sensor
regeneration method carried out by the O2 controller 28 to
clean or regenerate the O2 sensor 16 with reduced risk of
damage due to overheating. In one embodiment, the method
includes five states or stages. An illustrated sixth state or stage
represents a “Normal Mode™ of operation of the O2 sensor 16.
The line 30 1included 1n the timing diagram 1llustrates a value
of a Dew Point Flag set and controlled by the engine control-
ler 20. The line 32 illustrates a value of a Reading Stable Flag
set and controlled by the O2 controller 28. The line 34 1llus-
trates a value of a Desoot Cleaning Cycle Flag set and con-
trolled by the engine controller 20. The line 36 1llustrates a
value of a sensor heater control signal set and controlled by
the O2 controller 28. The line 38 1llustrates an O2 Sensor
Desoot Cleaning Cycle Temperature Status set and controlled
by the O2 controller 28. The line 40 1llustrates a temperature
of the O2 sensor 16 (i.e., the Nernst cell) during the sensor
regeneration method.

The temperatures described below for the cell are for a new
(e.g., uncontaminated) O2 sensor 16. After about 100 hours of
use, an O2 sensor 1s considered aged, which increases the
internal resistance of Nernst cell. As a consequence, an aged
Nernst cell has to be heated to a higher temperature to reach
the same internal resistance ol a new Nernst cell. Accord-
ingly, once an O2 sensor 1s considered aged, the O2 controller
28 heats the O2 sensor 16 to a different temperature than
when the sensor 16 1s considered new (e.g., based on a dii-
ferent value retrieved from a look-up table or other data
storage mechanism). For example, in some embodiments, the
O2 controller 28 heats an aged sensor 16 to a temperature that
1s about 100° C. higher than the new sensor temperature.

It should be understood that for each temperature threshold
described below, the controller 28 accesses one or more look-
up tables to create the PWM heating signal. In particular, the
look-up table maps a desired temperature to an internal resis-
tance value of the Nernst cell. Generally, the look-up table
maps temperatures to internal resistance values where the
higher the desired temperature, the lower the predetermined
internal resistance value. However, 1t should be understood
that the internal resistance values (and the associated tem-
peratures and voltage levels) included in the table can vary
based on characteristics of the sensor 16, the exhaust system
14, the type of vehicle containing the sensor 16, etc.

After determining the desired internal resistance value
from the look-up table, the O2 controller 28 applies the PWM
signal to the heater. In some embodiments, the characteristics
of the PWM signal (e.g., voltage) are based on the particular
stage of the regeneration cycle and/or the desired internal
resistance value. However, while the PWM signal 1s applied
to the heater, the O2 controller 28 monitors the internal resis-
tance of the Nernst cell (1.e., through the resistance detection
unit 29) to determine when the internal resistance reaches the
value specified 1n the look-up table. Until the internal resis-
tance of the Nernst cell reaches the specified value, the O2
controller 28 can also adjust the PWM heating signal as
needed to reach the specified value. For example, the O2
controller 28 can increase the voltage of the PWM heating
signal 11 the sensor 16 1s too cold (1.e., has an internal resis-
tance value that 1s too high).

FIGS. 4a-d are tlow charts illustrating the sensor regenera-
tion method performed by the O2 controller 28. As illustrated
in FIGS. 3 and 44, the method begins when power 1s applied
to the O2 controller 28 (at block 50). In other embodiments,
such as when the hardware configuration i1llustrated in FIG. 1
1s used, the sensor regeneration method is mitiated when the
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O2 controller 28 recerves a Start Flag from the engine con-
troller 20 (e.g., as part of a CAN message). During the first
stage of the method (State 1), the O2 controller 28 preheats
the sensor 16 (at block 52) (e.g., after an initialization period).
For example, the O2 controller 28 preheats the sensor 16 by
providing a Preheat Signal to the heater included in the O2
sensor 16. The Preheat Signal can include a PWM signal
having a 2% duty cycle. In some embodiments, preheating the
sensor 16 raises the temperature of a new O2 sensor 16 (1.e.,
the Nernst cell) from ambient air temperature to a first pre-
determined temperature threshold (e.g., approximately 200°
C.). In some embodiments, the sensor 16 1s preheated to test
the sensor 16 for proper heating operation and prepare the
sensor 16 for further heating as part of sensor regeneration.
For example, 1f any faults occur during preheating of the
sensor 16 (at block 54), the O2 controller can set the Cleaning
Cycle Temperature Result Flag to “Fault” (at block 56),
which can cause the regeneration method to end. Alterna-
tively, the Result Flag can be set to “No Fault” (at block 58).

The second stage (State 2) starts when the Dew Point Flag
1s setto “True” (atblock 60). The Dew Point Flag 1s controlled
by the engine controller 20 and signals that the O2 sensor
heater may be turned on without risk of moisture damaging,
the O2 sensor’s ceramic (1.e., no moisture has been detected,
such as on the sensor 16 or within the exhaust system 14
generally). Therefore, during the second stage, the heater
increases the voltage of the PWM signal (at block 62). In
some embodiments, the heater increases the voltage of the
PWM signal at a rate of about 0.65 volts per second (e.g.,
approximately 0.5 to approximately 0.8 volts per second).

As 1llustrated 1n FIG. 45, the third stage (State 3) starts
when the Nernst cell of the O2 sensor 16 reaches a second
predetermined temperature threshold (e.g., approximately
750° C.) (at block 64). At this point, the O2 controller 28
enters an Automatic Mode that performs closed-loop tem-
perature control (at block 66) and sets the O2 Reading Stable
Flag to ““Irue” (at block 68) (see FIG. 4b). During the third
stage, the O2 controller 28 continues heating the Nernst cell
to a third predetermined temperature threshold (e.g., approxi-
mately 780° C.) (at block 70) while performing diagnostic
checks on the sensor 16 (at block 72). As 1llustrated 1n FIG. 3,
while reaching the third predetermined temperature, the tem-
perature of the cell may vary above and below the third
predetermined temperature threshold. In some embodiments,
the O2 controller 28 remains 1n the Automatic Mode until the
Dew Point Flag 1s setto “False,” power to the O2 controller 28
1s cycled, or there 1s a diagnostic fault with the sensor 16.

After reaching the third temperature threshold (at block
74), the heater also enters an Automatic Mode where cell
temperature 1s maintained at the third predetermined tem-
perature threshold (at block 76). The heater remains 1n the
Automatic Mode until the O2 controller 28 enters and subse-
quently exits the Desoot Mode (1.e., while the Desoot Clean-
ing CycleFlag 1s setto “False” and while the Desoot Cleaning
Cycle Flag 1s set to “True” but the Desoot Time Exceed Flag
1s set to “False”).

The fourth stage (State 4) begins when the engine control-
ler 20 sets the Desoot Cleaning Cycle Flag to ““True” (at block
78), which puts the O2 controller 28 1nto a Desoot Mode (at
block 80) (see FIG. 4c¢). Durning the fourth stage, the O2
controller 28 sets the O2 Sensor Cleaning Cycle Temperature
Result to “No Fault” (at block 82), sets the O2 Reading Stable
Flag to “False” (at block 84), and stops running logical and/or
rational diagnostics on the sensor 16 (at block 86). In some
embodiments, the O2 controller 28 also optionally turns off a
reference pumping current and a pumping cell current to
prevent or limit damages to the O2 sensor 16 during the high
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temperature associated with the Desoot Mode. In particular,
the electrodes of the sensor 16 can be overloaded by a higher
pumping current associated with a lowered pumping cell
resistance.

The heater PWM 1s then increased (e.g., at 0.3 volts per
second) (at block 88) until the Nernst cell reaches a fourth
predetermined temperature threshold (e.g., approximately
855° C., which corresponds to an internal resistance of
approximately 185€2 for one type of O2 sensor (1.e., the
Bosch LSU 4.9 O2 sensor)) (at block 90). The O2 controller
28 then sets the Desoot Temperature Flag to “Automatic” (at
block 92), and the sensor 16 continues heating the Nernst cell
to hold the cell at a fifth predetermined temperature threshold
(e.g., approximately 870° C., which corresponds to an inter-
nal resistance of approximately 170€2 for the Bosch LSU 4.9
O2 sensor) (at block 94), which cleans the sensor 16 by
burning contaminants. In some embodiments, 1f the tempera-
ture during the cleaning process drops below the fourth pre-
determined temperature threshold (1.e., approximately 855°
C.) for a predetermined period of time (e.g., five or more
seconds), the O2 controller 28 can set the Desoot Temperature
Flag to “Ramping” and the Desoot Temperature Not Main-
tained Flag while the sensor 16 continues to heat the cell to the
fifth predetermined temperature threshold.

The cleaning can be performed for a predetermined period
of time. For example, 1f the Desoot Cleaning Cycle Flag 1s set
to ““Irue” by the engine controller 20 for longer than a pre-
determined time period (e.g., approximately six minutes ) dur-
ing the Desoot Mode, the O2 controller 28 sets the Maximum
Desoot Time Exceeded Flag to “True” and returns to the
Automatic Mode. In some embodiments, the O2 controller 28
1s not allowed to enter the Desoot mode again until the Desoot
Cleaning Cycle Flag has been set to “False.”

Similarly, 11 the O2 sensor 16 (i.e., an interface circuit)
detects a circuit error on one of the oxygen sensor lines or the
heater, the O2 controller 28 sets the Desoot Stopped Module
Flag and returns to the Automatic Mode. In some embodi-
ments, 1n this situation, the O2 controller 28 is not allowed to
enter the Desoot Mode again until the Desoot Cleaning Cycle
Flag has been set to “False” and the circuit error has been
corrected.

In some embodiments, the Desoot Cleaning Cycle Flag 1s
only set to ““True” 1f the O2 Reading Stable Flag 1s set to
“True,” such that the Desoot Cleaning Cycle Flag 1s 1ignored
when the O2 controller 28 1s 1n any mode other than a normal
mode. In some embodiments, the default state of the Desoot
Cleaning Cycle Flag 1s “False” (1.¢., sensor cleaning 1s turned
ofl).

Accordingly, the fifth stage (State 5) starts when the engine
controller 20 sets the Desoot Cleaming Cycle Flag to “False”
(at block 96), the Maximum Desoot Time Exceeded Flag 1s
set to “True” (at block 98), or the Desoot Stopped Module
Flag1s set (e.g., indicating a circuit error) (at block 100), each
of which causes the O2 controller 28 to return to the Auto-
matic Mode (at block 102) (see FIG. 44). I1 the Desoot Clean-
ing Cycle Flag 1s set to “False,” the O2 controller 28 clears the
Cleaning Cycle Temperature Result Flag. Otherwise, the O2
controller 28 sets the Cleaning Cycle Temperature Result
Flag based on the condition that caused the exit of the Desoot
Mode. During the fifth stage, the O2 controller 28 reduces the
temperature of the sensor 16 (at block 104) until the cell
temperature reaches a sixth predetermined temperature
threshold (e.g., a temperature associated with Automatic
Mode, such as approximately 780° C., which corresponds to
an internal resistance value of approximately 300€2 for the
Bosch LSU 4.9 O2 sensor) (at block 106). The time 1t takes to

reduce the cell temperature depends on the exhaust gas tem-
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perature. In some embodiments, when the Nernst cell reaches
a seventh predetermined temperature threshold (e.g.,
approximately 800° C., which corresponds to an internal
resistance value of approximately 280£2 for the Bosch LSU
4.9 O2 sensor) (at block 108), the O2 controller 28 turns on
the reference pumping current (at block 110), and, thereafter
(e.g., approximately one second later), turns on the pumping
cell (at block 112).

When the temperature of the Nernst cell reaches the sixth
predetermined temperature threshold (at block 106) and the
temperature 1s maintained for a predetermined period of time
(c.g., approximately three seconds) (at block 114), the O2
controller 28 sets the O2 Reading Stable Flag to “True” (at
block 116) and diagnostics performed by the O2 controller 28
are enabled (at block 118). The O2 controller 28 then enters a
sixth stage (State 6) that includes normal operation of the O2
sensor 16 (1.¢., detection of the air-fuel ratio) (at block 120).

Thus, the mnvention provides, among other things,
improved regeneration of O2 sensors. In particular, embodi-
ments of the invention map a desired temperature to a prede-
termined internal resistance value and then apply a PWM
heating signal to the sensor’s heater to change the internal
resistance of the sensor to the predetermined internal resis-
tance value. While the heating signal 1s applied, the internal
resistance of the sensor 1s monitored and the heating signal 1s
modified as needed until the internal resistance of the sensor
reaches the predetermined value. It should be understood that
the labels “first,” “second,” “third,” etc. used in the present
application are provided merely for ease of description and no
order or importance 1s implied by the use of such labels. Also,
the temperature thresholds described above are sample
thresholds and the thresholds can vary based on the O2 sensor
16, the exhaust system 14, the engine 12, etc. Furthermore, it
should be understood that in some embodlments One or more
of the thresholds can have the same value (e.g., the third and
sixth thresholds can have the same value).

Various features of the invention are set forth 1n the follow-
ing claims.

What 1s claimed 1s:

1. A method of heating an oxygen sensor, the method
comprising;

(a) determining, by a controller, a predetermined tempera-

ture for heating the oxygen sensor to;

(b) determining, by the controller, a predetermined internal
resistance value of an electro-chemical measurement
cell of the oxygen sensor associated with the predeter-
mined temperature;

(c) applying, by the controller, a pulse-width-modulated
signal to a heater included 1n the oxygen sensor; and

(d) monitoring, by the controller, an internal resistance of
the measurement cell while applying the pulse-width-
modulated signal to the heater to determine when the
internal resistance of the measurement cell reaches the
predetermined internal resistance; and

repeating steps (a) through (d) 1n each of a plurality of
stages of a regeneration process for the oxygen sensor.

2. The method of claim 1, wherein determining the prede-
termined internal resistance includes accessing a look-up
table associating the predetermined temperature with the pre-
determined internal resistance.

3. The method of claim 1, further comprising modifying
the pulse-width-modulated signal while monitoring the inter-
nal resistance of the measurement cell.

4. The method of claim 1, further comprising turning off a
pumping cell included 1n the measurement cell before apply-
ing the pulse-width-modulated signal to the heater.
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5. The method of claim 1, further comprising applying a
second pulse-width-modulated signal to the heater to preheat
the measurement cell to a second predetermined temperature.

6. The method of claim 5, wherein the second pulse-width-
modulated signal has a duty cycle of approximately 2%.

7. The method of claim 3, further comprising applying a
third pulse-width-modulated signal to the heater to increase a
temperature of the measurement cell from the first predeter-
mined temperature to a third predetermined temperature.

8. The method of claim 7, wherein applying the third pulse-
width-modulated signal includes applying the third pulse-
width-modulated signal to the heater when no moisture 1s
detected around the oxygen sensor.

9. The method of claim 7, wherein the third pulse-width-
modulated signal has a voltage level that increases at a rate of
approximately 0.5 volts to approximately 0.8 volts per sec-
ond.

10. The method of claim 7, wherein the third pulse-width-
modulated signal has a voltage level that increases at a rate of
approximately 0.3 volts per second.

11. The method of claim 5, further comprising applying a
fourth pulse-width-modulated signal to the heater to increase
a temperature of the measurement cell from the third prede-
termined temperature to a fourth predetermined temperature
threshold.

12. A system for heating an oxygen sensor, the system
comprising;

the oxygen sensor, wherein the oxygen sensor includes a
heater and an electro-chemical measurement cell and a
heater; and

a controller coupled to the oxygen sensor and configured

to, for each of a plurality of stages of a regeneration
process,

determine a predetermined temperature for heating the

oxXygen sensor to,

determine a predetermined internal resistance value of an

clectro-chemical measurement cell of the oxygen sensor
associated with the predetermined temperature,

apply a pulse-width-modulated signal to the heater, and

monitor an internal resistance of the measurement cell

while applying the pulse-width-modulated signal to the
heater to determine when the internal resistance of the
measurement cell reaches the predetermined internal
resistance.

13. The system of claim 12, wherein the measurement cell
includes a Nernst cell and a pumping cell.

14. The system of claim 13, wherein the pulse-width-
modulated signal 1s based on an internal resistance of the
Nernst cell associated with the predetermined temperature.

15. The system of claim 13, wherein the controller 1s fur-
ther configured to turn off the pumping cell before providing
the pulse-width-modulated signal to the heater in one of the
plurality of stages.

16. The system of claim 12, wherein controller 1s config-
ured to create the pulse-width- modulated signal by accessing
a look-up table that maps the predetermined temperature for
the stage to a corresponding internal resistance of the mea-
surement cell.

17. The system of claim 12, further comprising an engine
controller coupled to the controller and configured to instruct
the controller to clean the oxygen sensor.

18. The system of claim 12, further comprising a resistance
detecting unit configured to detect an internal resistance of
the measurement cell and to transmit the detected internal
resistance to the controller.
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